1. Background {#sec76535}
=============

The Netherlands is known as the country with the highest density of cyclists in the world. The approximately 17 million inhabitants own over 18 million bicycles and approximately 25% of all commutes are done by bicycle ([@A23083R1]). While cycling in the Netherlands has been a common means of transport for decades already, recently popularity seems to increase internationally as well. Cycling has many advantages like the improvement of health and being environmentally friendly. One disadvantage is that cyclist is vulnerable in traffic ([@A23083R2]). In the Netherlands, approximately 70000 patients are treated annually in an emergency department (ED) after a bicycle injury. Of these patients, almost 10,000 are admitted to a hospital and approximately two hundred patients die as a result of their injuries ([@A23083R1]). Therefore, many efforts are made to prevent injuries amongst cyclists, including special safety programs for cyclists and creating a safer infrastructure ([@A23083R2]-[@A23083R5]). At the same time, transportation by tram has likewise become increasingly popular because of its excellent passenger safety, environmental benefits and relief of traffic congestion. In many cities across the world, trams have been added to an already existing infrastructural situation, resulting in tram tracks on the public road. On- road tram tracks, however, are thought to increase the number of accidents for other road participants, including cyclists ([@A23083R6]-[@A23083R9]). Literature shows that cyclist is the largest group to sustain injuries due to trams ([@A23083R7], [@A23083R8]). Obvious consequences are direct collisions between trams and cyclists ([@A23083R10]). In contrast to direct collisions, cycling crashes as a result of bicycle wheels getting wedged in the tram tracks causing the cyclists to fall are less known. In current literature, little has been published on this mechanism of trauma ([@A23083R8]).

2. Objectives {#sec76536}
=============

To gain more insight in the injury pattern of this trauma mechanism and to draw attention to the risks of the on-road tram tracks, we aimed to describe a cohort of patients who got injured because their bicycle wheels got wedged in tram tracks.

3. Patients and Methods {#sec76537}
=======================

Between October 2012 and December 2013, all patients who got injured after a fall with a bicycle because their wheels got wedged in on-road tram tracks and consequently referred to the emergency department of a level I trauma center, were included in this prospective cohort study. Patient demographics (age and gender), type of injury, injury severity scores (ISS), duration of hospital admission (in days) and treatment were collected.

4. Results {#sec76538}
==========

During the study period ten, patients were admitted to our hospital because of their injuries sustained after cycling crashes as a result of bicycle wheels getting wedged in on-road tram tracks. All patients were local inhabitants. Six out of ten patients were male. The mean age was 38 years. Six patients required surgery: four due to injuries to the extremities, two due to neurotrauma or maxillofacial injuries. Five patients had brain injury, of which two were severe. Mean duration of admission was four days, ranging from one to fifteen days. Mean injury severity score was thirteen, ranging from five to 25. One patient died as a result of the injuries sustained. This patient suffered severe neurotrauma with multiple epidural and subdural haematomas. Despite decompressive craniotomy executed by the neurosurgeon, the patient died three days later as a consequence of his severe neurological injuries. Data per patient are shown in [Table 1](#tbl19453){ref-type="table"}.

###### Demographic Data, Injury Characteristics and Treatment per Patient ^[a](#fn16756){ref-type="table-fn"}^

  Pt       Gender   Age, y   Injury Description                     Treatment              DoA                                      ISS
  -------- -------- -------- -------------------------------------- ---------------------- ---------------------------------------- -----
  **1**    F        28       grade 2 open tibia fracture            plate osteosynthesis   14                                       9
  **2**    M        63       severe TBI: epi-/subdural haematoma    craniotomy             3 ^[b](#fn16757){ref-type="table-fn"}^   25
  **3**    F        65       bimalleolar ankle fracture             plate osteosynthesis   11                                       9
  **4**    F        29       mild TBI, 1 rib fracture               observation on ward    2                                        18
  **5**    M        58       4 rib fractures                        observation on MCU     2                                        9
  **6**    M        60       severe TBI: epi-/subdural haematoma    observation on MCU     3                                        25
  **7**    F        26       grade 1 open distal humeral fracture   plate osteosynthesis   4                                        9
  **8**    M        28       maxillofacial fracture. Mild TBI       plate osteosynthesis   2                                        10
  **9**    M        11       distal radial fracture                 plate osteosynthesis   1                                        9
  **10**   M        16       light TBI, leg wound                   observation on ward    1                                        5

^a^ Abbreviations: Pt, patient; M, male; F, female; TBI, traumatic brain injury; DoA, duration of admission; ISS, injury severity score; MCU, medium care unit.

^b^ This patient died after 3 days.

5. Discussion {#sec76539}
=============

Increased environmental awareness and progressive congestion of city centers by motor vehicles have led to a global search for alternative types of transport ([@A23083R11], [@A23083R12]). This has led to an increased usage of both bicycles and public transport. Trams have regained popularity in many cities across Europe and the US because of their reliability, their ability to safely transport large amounts of people and their small environmental footprint ([@A23083R13]). However, due to spatial limitations of the dense city centers, this puts a burden on the existing road network. Thus many tram tracks are on public roads and trams have to share the road with other road participant like cyclists. Apart from the apparent risk of a direct collision between a tram and other road participants, there is a less obvious risk that especially concerns cyclists. When tram tracks are levelled with the tarmac, there is a gutter of a couple inches deep within the road surface, in which the narrow bicycle wheels can get wedged easily. When either the front or back wheel of a bicycle gets wedged in one of these gutters, the bicycle is forced in one direction whilst the body moves in the other, causing a cyclist to fall. This study shows that this mechanism of trauma is a relatively frequent recurring phenomenon in our hospital with at least ten severe cases in one year. However, the true incidence and size of the problem remain unclear. This study is not suitable for determining true incidence rates for this type of trauma, seeing as there are five other hospitals in the surrounding area, which all receive patients with similar types of injury. Furthermore, only patients who had been admitted to our hospital have been included. Patients who were discharged from the ED or treated in the out-patient clinic were not included. The actual number of casualties due to this mechanism of trauma per year will therefore be considerably higher within the depicted population. What this study does show is that tram tracks as a part of the public road can lead to potentially dangerous situations for cyclists. Many injuries were severe and required an operative intervention. One patient died as a consequence of his injuries. Although this injury mechanism with on-road tram tracks is very dependent on the local traffic situation, the results of this study might be relevant for other international cities with on-road tram tracks or for cities considering trams as a part of their local transport infrastructure. Awareness of the potential danger of on-road tram tracks is essential for policy makers. To reduce the number of casualties and to increase the safety of bicyclists, roads for cyclists and trams should be segregated ([@A23083R2]). If this is cannot be realized, another possible intervention could be the placement of rubber linings within the tram gutter, making it difficult for bicycle wheels to get trapped in them ([@A23083R14]). Additionally, more attention could be given to education and warning of cyclists. Cameron et al. showed a sharp decline in the level of cycling injuries after a period of local media attention ([@A23083R8]). Finally, it is not obligated to wear helmets whilst cycling in the Netherlands. Though the mandatory use of helmets is still under debate, it is thought to reduce the incidence and the severity of brain injuries amongst cyclists ([@A23083R2], [@A23083R15]). However, helmet use will have no effect on extremity injuries, which comprised a substantial amount of injuries in our population.

In conclusion, tram tracks on public roads are potentially dangerous and can lead to serious injuries and even mortality amongst cyclist. Extremity and neurological injuries are the most common injuries and frequently need an operation. Awareness of the potential danger of on-road tram tracks for cyclists is essential. Alteration of infrastructural situations or other preventive measures might decrease the incidence of these injuries and should therefore be considered.
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